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Abstract 
In the present study gene action assessed by hybridizing the five female lines (one 
resistant and four susceptible) and eight male lines (six resistant and two susceptible) in 
Line x tester design was studied. The study indicated additive gene action playing 
predominant role in the control of yield and four yield contributing traits in addition to 
downy mildew resistance while fodder yield and days to 50 per cent flowering were 
controlled by non-additive gene effects. Among the 40 crosses, APMB 89 x APMR 70 
and APMB 89 had non-significant sca and highly significant gca for yield and yield 
contributing traits along with downy mildew resistance and it is therefore, expected to 
throw superior segregants for the development of lines with desirable traits. 
 
1. Introduction 
Pearl millet [Pennisetum glaucum  (L.) R. Br.] is a 
staple food crop in arid and semi-arid areas of Africa 
and Asia. In addition, as being the principal food 
cereal in arid and semi-arid regions and as forage, it 
also has a potential as an early-maturing summer 
grain crop in temperate regions (Anand Kumar and 
Andrews, 1993; Yoshida and Sumida, 1996). Pearl 
millet has high yield potential and responds well to 
water and soil fertility (Poelhman, 1994).    
 Downy mildew caused by an obligate parasite 
Sclerospora graminicola is quite wide spread and 
economically most important disease of pearl millet 
(Pennisetum glaucum) in India and several countries in 
Africa. In India, the disease is prevalent in almost all 
pearl millet growing states and causes substantial 
annual losses. The disease is particularly more serious 
on single-cross F1 hybrids than on open pollinated 
varieties (OPVs). This is due to narrow genetic base 
and uniformity of the hybrids than those of OPVs 
that are highly heterogeneous. Currently, about 50% 
of the 9 million ha area under pearl millet cultivation 
is grown with single cross hybrids in India (Rai et al. 
2006). The downy mildew incidence has been quite 
variable on different hybrids and more than 90% 
incidence has been recorded on some hybrids in 
farmers’ field (Thakur et al. 2003, Rao et al. 2007). 
The estimated annual grain yield loss due to downy 
mildew is approximately 20-40% (Singh 1995, Hash 
et al. 1999, Hess et al. 2002) but this could be much 
higher under favourable conditions of disease 
development (Singh 1995, Thakur 1998, 2008). Most 
seed companies treat the seed with a systemic 
chemical fungicide metalaxyl to protect the crop from 
downy mildew (Thakur et al. 2003, Rao et al. 2007). 
However, they reported that chemical treatment is 
effective only in case of moderately resistant hybrids 
in certain environments. The fungicide is ineffective 
in susceptible hybrids, in which the crop is protected 
only up to 40 days after emergence and the disease 
appears on nodal tillers and as ‘green-ear’ at the later 
stages of crop growth. The cost of the treated seed is 
much higher and farmers have to pay additional price 
for such seed. This chemical approach to downy 
mildew management may also lead to the emergence 
of more virulent pathotypes. 
With the increasing area under hybrid cultivation 
since the 1970s, the disease has become severe and 
more widespread (Thakur et al. 2006). The most cost-
effective management of the disease can be obtained 
by breeding downy mildew resistant pearl millet 
hybrids. There has been considerable success in 
breeding for downy mildew resistance using 
conventional pedigree breeding, and a large number 
of disease resistant hybrids have been developed and 
deployed (Khairwal et al. 2004).  
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The choice of selection and breeding procedure 
to be used for genetic improvement of any crop plant 
largely depends on the magnitude of genetic 
variability and the nature of gene action governing 
inheritance of the desirable traits. The present study 
was made to assess the nature of combining ability 
for downy mildew resistance and four yield 
contributing traits using five lines and eight testers. 
 
2. Materials and Methods 
 Five pearl millet lines used as female parents and 
eight lines used as testers were selected from the 
Research Division of Ankur Seeds Pvt. Ltd Nagpur 
(Maharashtra). 
Using these lines, 40 F1’s were produced by Line x 
Tester mating design in June, 2007. The thirteen parents, 
forty crosses and one susceptible check APMS 321, 
were evaluated using Randomized Block Design with 
three replications at downy mildew hot spot location 
Sahapur Dist. Mathura (UP) during Summer 2008 for 
disease reaction and for yield evaluation at Ankur Seeds 
Research Farm, Inzapur Dist. Wardha (Maharashtra). 
The evaluations were done to estimate the gene effects 
for controlling the downy mildew resistance, yield and 
yield contributing traits. 
 Number of diseased plants showing downy 
mildew symptoms expressed as a percentage of total 
number of plants in a plot were assessed at dough 
stage by scoring for green ears. Downy mildew 
incidence was computed using the formula developed 
by James, as the number of diseased plants expressed 
as:  
 
 
 
Estimation of gene effects based on combining 
ability analysis was calculated as by Kempthrone 
(1957). Parents and F1’s means and variances of each 
cross were used to determine gene action.  
3. Results and Discussion 
Concept of combining ability helps in the 
identification of parents with good general and 
specific combining ability and also to determine the 
gene action involved in the expression of important 
quantitative traits. Recombination breeding makes use 
of a fixable additive gene action. To obtain 
outstanding recombinations in segregating 
generations, the parents of hybrids must be good 
general combiners for the trait whose improvement is 
sought. In addition, the SCA effect should not be 
significant because the selection of superior 
recombinations will be hindered by significant SCA 
effect and it will therefore only be used to select only 
those hybrids with non-significant SCA effects and 
having parents with significant GCA effects 
(Nadarajan, 1986). The segregants of these hybrids 
are likely to throw recombinants possessing 
favourable additive genes from both the parents 
(Sakila et al, 2000). 
The combining ability analysis for various 
characters is presented in Table 1. The higher 
magnitude of estimates of variance for gca for grain 
yield, 1000 grain weight, panicle length, panicle girth, 
number of effective tillers, downy mildew incidence 
and plant height indicated the presence of 
predominantly additive gene action controlling these 
traits. The presence of high gca variances and additive 
genes indicated that these characters can be further 
improved in the parental lines by selection. The sca 
variance was more than gca for days to 50 per cent 
flowering and fodder yield, indicating non-additive 
gene action also involved in controlling these traits. A 
greater improvement for these traits may be brought 
about by developing hybrids and exploitation of 
hybrid vigour by other breeding methods. 
The gca effects of promising parents are given in 
Table 2. All the resistant lines, such as APMR 52, 
APMR 70, ICMB 90111 P-6 and P-1449-2 P-1 having 
high downy mildew resistance showed negative 
significant gca effects for this trait which was 
maximum in APMR 52 followed by ICMB 90111 P-6, 
P 1449-2 P-1 and APMR 70. In lines, APMR 41 and 
APMR 57 are good general combiners for yield and 
yield contributing traits in addition to plant height 
and dry fodder yield except panicle girth and number 
of effective tillers per plant respectively. Positive and 
high gca effects for grain yield and yield contributing 
traits was observed in APMB 89. In testers, APMR 70 
was good general combiner for grain yield, 1000 grain 
weight, panicle length, panicle girth, number of 
effective tillers, plant height, dry fodder yield and 
downy mildew resistance except days to 50 per cent 
flowering and ICMB 90111 P-6 was good general 
combiners for grain yield, 1000 grain weight, panicle 
girth, number of effective tillers, plant height, dry 
fodder yield, days to 50 per cent flowering and downy 
mildew resistance except panicle length. The tester P 
1449-2 P-1 is good general combiner for yield and 
yield contributing traits in addition to days to 50 per 
cent flowering. Best eleven crosses, superior in per 
ser performance, significant gca and non significant 
sca are listed in Table 3. Cross APMB 89 x APMR 70 
was significantly superior in per se performance with 
significant gca for yield and yield contributing traits 
along with downy mildew resistance and therefore it 
is expected to throw superior segregants for 
development of lines.  
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Table 1. Combining ability analysis for 9 characters in Pearl millet 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2. General combining ability effects of parental lines 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SCA effects of promising crosses for yield & yield contributing traits 
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Also, this cross posses negative sca effects for 
days to 50% flowering, indicating their importance 
for developing early lines. APMR 57 x APMR 70 had 
shown non significant sca for all the characters 
studied with significantly superior per se performance. 
APMB 89 x P 1449-2P-1 had non significant sca 
effect for yield and yield contributing traits along with 
downy mildew in addition to days to 50 percent 
flowering and dry fodder yield.  
Crosses, APMR 57 x APMR 52 and APMR 57 x 
ICMB 90111 P-6 also indicate their usefulness for 
improvement of yield and yield contributing traits 
except number of effective tillers and are useful in 
development of early lines along with plant height. 
These crosses had not contributed substantially in 
grain yield per se performance because significant 
negative gca for number of effective tillers and 
through panicle girth in APMR 41 x ICMB 90111 P-6 
and APMR 41 x P 1449-2 P-1. APMR 57 x P1449-2 
P-1 showed non significant sca effect for yield and 
yield contributing traits, downy mildew resistance 
along with plant and days to 50 per cent flowering. 
 Resistance to DM appeared to be a dominant 
character, as the crosses involving one highly resistant 
and one highly susceptible parent generally showed 
low DM incidence and negative sca effects for this 
trait (Singh et, al. 1988). The parents APMR 52, 
APMR 70, ICMB 90111 P-6 and P 1449-2 P-1 which 
showed high resistance to DM with significant 
negative gca effects, were involved in 20 crosses as 
parent, 16 of which showed negative sca effects for 
DM resistance. The present study clearly shows the 
value of combining ability analysis in identifying 
potential parents for crossing programme to combine 
desirable traits such as downy mildew resistance, yield 
and yield contributing traits. This indicated the 
possibility of improving pearl millet for these traits 
through selective crossing programme. 
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